In the moth Manduca sex@ the declining ecdysteroid titer on the final day of the molt from the fourth to the fifth larval instar acts on the ventromedial neurosecretory cells (VM cells) to stimulate the release of eclosion hormone (EH). EH then triggers the motor programs involved in ecdysis behavior. Intracellular recordings that were made from the VM cells throughout the intermolt and molting stages showed no spontaneous action potentials until 0.9 hr before ecdysis (during the expected time of EH release), when 50% of the VM cells fired tonically at rest. This change was associated with a marked reduction in VM cell threshold without alteration of input resistance, resting potential, or synaptic drive. The increase in VM cell excitability was dependent on the declining ecdysteroid titer, because the injection of 20-hydroxyecdysone (20-HE) 11.5 hr before ecdysis significantly delayed the expected decrease in VM cell threshold. Since the same steroid treatment given 4.6 hr before ecdysis did not delay the subsequent increase in VM cell excitability, the inhibitory actions of 20-HE appear not to be mediated by a rapid membrane mechanism. The possible involvement of genomic events in the steroid-dependent increase in VM cell excitability was examined using the RNA synthesis inhibitor actinomycin D (AcD). When injected 6.3 hr before ecdysis, AcD blocked EH release without altering the response of the nervous system to exogenous peptide. Such AcD treatments also prevented the increase in VM cell excitability. These results suggest that the declining ecdysteroid titer increases the excitability of the VM cells via a transcription-dependent process.
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Although steroid hormones play a major role in regulating the electrical activity of neurosecretory cells (NSCs) in a number of systems (e.g., JSrey and Silverman, 1983; Zimmerman, 1983; Fink et al., 1991) , the cellular mechanisms by which this regulation occurs remain elusive. Considerable progress has been made in the mapping of steroid hormone receptors to NSCs or their input neurons, and many of these cells exhibit steroiddependent alterations in receptor levels, synaptic and dendritic structures, neurotransmitter or neuromodulator content, ultrastructure, or gene expression (for reviews, see McEwen and Parsons, 1982; Harlan, 1988; Naftolin et al., 1988; Fink, et al., 1991; McEwen et al., 1991) . By contrast, few studies have described steroid-induced changes in the electrical activity of single NSCs. One notable exception is the work on the vertebrate hypothalamus, where estradiol and cortisol have been shown to reduce single-unit activity in rodent neurons that project to the median eminence (Dufy et al., 1976; Saphier and Feldman, 1990) . These electrophysiological analyses, however, were limited to extracellular recordings of changes that occur rapidly in a heterogeneous sampling of NSCs. Here we report an insect preparation with large identifiable NSCs that provide a model for examining how genomic actions of steroids may lead to changes in NSC excitability. Insect ecdysis behavior consists of a stereotyped pattern of movements used to shed the old cuticle at the end of a molt. In the tobacco homworm, Manduca sexta, ecdysis is triggered by eclosion hormone (EH), a 62-amino acid neuropeptide that is produced by a set of four NSCs, the VM cells, located ventromedially in the brain (for a review, see Truman, 1992) . These cells release EH only during a brief, 20-90 min period at the end of each molt (Reynolds et al., 1979; Truman et al., 1980; Copenhaver and Truman, 1982; Hewes and Truman, 1991) . The steroid hormones, the ecdysteroids, are responsible for the initiation and coordination of the molt (Riddiford and Truman, 1978) , and work on the pupal and adult ecdyses has shown that the declining steroid titer at the end of each molt provides the proximate hormonal trigger for EH release (Truman et al., 1983; Truman and Morton, 1990) . At pupal ecdysis, EH release is prevented by pharmacological transcription and translation inhibitors (Truman and Morton, 1990) , suggesting a mechanism in which the steroid decline triggers EH release through a process that requires the synthesis of new RNA and protein.
We have recorded intracellularly from the VM cells of molting Munduca sexta larvae as an initial step in elucidating the cellular mechanisms underlying the control of VM cell excitability. During the expected period of EH release, there is a transient reduction in the VM cell threshold, and this change appears to require both the decline in circulating ecdysteroids and transcription.
Materials and Methods

Isolated brain preparation. Larval tobacco homworms,
Manduca sexta (Lepidoptera: Sphingidae), were reared individually on an artificial diet Figure 1 . High-power confocal imaaes of the medial nortion of the brain of a larva molting-from the fourth to the fifth instar, showing a cell that was intracellularly filled with biocytin in a brain that was subsequently immunostained using antibodies against EH. A, EH immunostaining. B, Pattern of biocytin staining in the same optical section as shown in A. One of the two cells was filled with the dye. (Similar results were obtained each of the five times that the double-labeling was attempted.) Scale bar, 10 pm. (Bell and Joachim, 1976) at 26°C with either a short-day (12 hr light: 12 hr dark) or a long-day (17 hr light:7 hr dark) photoperiod. Under these conditions, the-duration of the fourth instar was approximately 107 hr. the first 57 hr of which was intermolt [Gate II larvae (Truman. 1972) ]. Animals molting from the fourth to tie fifth larval i&tar were staged relative to the time of ecdysis (0 hr) according to morphological and behavioral markers. These markers included the tan crochet stage (-13.0 hr), the yellow mandible stage (-9.8 hr), the air-filled brown mandible stage (-5.6 hr) , and the onset of pre-ecdysis behavior (-1.4 hr). and are described in detail bv Conenhaver and Truman (1982 (Miyazaki, 1980; Trimmer and Weeks, 1989) ], and the preparation was rinsed with fresh saline. Intracellular recording. When placed on a black background with oblique, fiber optic illumination, the 20-30 pm VM cell somata were visually identifiable in the intact brain under a dissecting microscope. Intracellular recordings were made within an average of 36 min (n = 93; range, 23-5 1 min) of starting the dissection. The somata were penetrated with 20-60 MQ, thick-walled, borosilicate glass microelectrodes filled with either 2 M K-acetate or a biocytin/KCl solution (see below). Penetrations were made through the residual sheath by either tapping on the micromanipulator or ringing the capacitance compensation on a Getting microelectrode amplifier (Getting Instruments, Iowa City, IA). Recordings were stored on a VHS recorder after digitization on an Instrutech VR-10 Digital Data Recorder (9600 baud; Instrutech Corporation, Mineola, NY). Data were analyzed off line using SuperScope (200 psec sample period; GW Instruments, Boston, MA). Statistics were performed with STATVIEW 5 12 + (Abacus Concepts, Berkeley, CA).
Currents were injected into the somata using standard amplifier bridge circuits (Araki and Otani, 1955; Frank and Fuortes, 1956; Ito, 1957) . During the subsequent off-line analysis, the high resolution of the digitized data allowed us to determine the amplitude of any residual bridge imbalance errors. These were due either to under-or overcompensation of the bridge balance or to apparent changes in the resistance of the electrode during some recordings. These remaining errors were corrected by arithmetic subtraction of the near instantaneous component of each voltage record (1 .O ? 0.1 msec time constant vs membrane time constant of 15.0 + 1.8 msec; n = lo), which was attributed to the potential drop across the resistance of the electrode (Araki and Otani, 1955) , from the total voltage deflection measured during current injection. In control experiments, the slope input resistances (n = 7) and thresholds (n = 5; see below) measured with this correction method were within 10% of those measured in the same cells with the bridge balanced as carefully as possible during the recording.
Each cell was stimulated with 600-1000 msec hyperpolarizing and depolarizing current steps of varying magnitudes, with an interpulse interval of 3 sec. Slope input resistance was calculated from the linear portion of the current-voltage relation using small hyperpolarizing and depolarizing current steps. Threshold voltage was measured as the minimum depolarization from rest necessary to trigger the firing of an action potential. When cells fired tonically at rest, threshold was assumed to be 0 mV. Spike duration was measured at the maximum width of the action potential, and resting potential was measured upon electrode withdrawal from the cell. Recordings either from damaged cells, as indicated by low resting potentials, low input resistances, and reduced action potentials, or from cells in which the penetration was unstable, were discarded.
Histology. A 1.5% biocytin (+biotinoyl-L-lysine; Molecular Probes, Eugene, OR), 2 M KCl, 0.025 M Tris buffer solution (pH 7.5) was used to fill the tip ofthe recording electrode (Horikawa and Armstrong, 1988) . The electrode shaft and electrode holder were then filled with 3 M KCl. Biocvtin was iontonhoresed into cells with l-3 Hz. 500 msec. l-5 nA hype&olarizing current pulses, and the ipsilateral lbngitudinai connectives posterior to the first or second thoracic ganglion were crushed to prevent further spread of the dye along the VM cell axon. After a 30-60 min incubation period in saline, the tissues were fixed in 4% paraformaldehyde in phosphate-buffered saline (PBS; Truman and Copenhaver, 1989 ) for about 14 hr at room temperature. The samples were then repeatedly rinsed in PBS with 0.3% Triton X-100 (PBS-TX; Sigma, St. Louis, MO), run up and down a graded methanol series, and preincubated for 1 hr at room temperature in 10% heat inactivated normal goat serum (Sigma) in PBS-TX. For colocalization of biocytin and EH immunoreactivity, brains were incubated with a rabbit polyclonal antiserum to EH (Copenhaver and Truman, 1986 ) at a 1: 1000 dilution (Hewes and Truman, 1991) for 72 hr at 4°C. Following incubation in the primary antiserum, brains were incubated in 1:200 FITC-conjugated, goat anti-rabbit immunoglobulin (Vector Laboratories, Burlingame, CA) in PBS-TX for 72 hr at 4"C, with agitation. The tissues were washed in PBS-TX and incubated at room temperature with agitation in 1:200 avidin-Texas Red conjugate (Vector Laboratories) in PBS-TX for 18 hr. Tissues were then washed in PBS. mounted in 80% alvcerol in PBS with 2% n-propyl gallate and examined on a Bio-Rad-@RC-600) confocal imaging system.
Hormone and drug treatments. Injections were performed with 28 gauge, 25-100 ~1 syringes (Unimetrics Corporation, Shorewood, IL) into abdominal prolegs. 20-Hydroxyecdysone (20-HE, Sigma) was dissolved at 0.6 pg/pl in 10% isopropanol and checked spectrophotometrically at 240 nm (e = 12,670). Actinomycin D (AcD, Sigma) was dissolved at 1 @g/r1 in 100% EtOH. Recombinant EH (Eldridge et al., 199 l) , containing 0.5 units activity/pi, was diluted in 10% acetonitrile in saline (Ephrussi and Beadle, 1936) , with 0.1 mg/ml bovine serum albumin (Sigma), to a final concentration of 0.1 U/pi. A unit of EH was defined as the amount present in the corpora cardiacs-corpora allata complex of one pharate adult M. sexta [approximately 0.5 pmol (Terzi et al., 1988) ]. All injection volumes were 5 ~1.
EH bioassay. Sets of five terminal ganglia with the attached proctodeal nerves (PN) were removed from staged, ice-anesthetized larvae, and EH was extracted from the pooled tissues as described by Terzi et al. (1988) . The amount of EH in each extract was then determined on serially diluted samples (in saline with 20% acetonitrile) that were subjected to the EH pupal bioassay (Truman et al., 1980) .
Results
VM cell identification
In the CNS of larval A4. sexta, EH is produced by a total of four neurons [the VM cells (Horodyski et al., 1989 Intracellular recordings Changes in VA4 cell excitability. We first examined the electrophysiological properties of the VM cells in isolated CNS preparations obtained during the intermolt period (approximately 64 hr before ecdysis). In intracellular recordings, l-4 mV, 2-3 Hz, depolarizing postsynaptic potentials (PSPs) were observed in three of seven preparations ( Fig. 2A) . These PSPs were excitatory (EPSPs), because their estimated reversal potentials were positive to threshold. However, the EPSPs failed to initiate action potentials at rest. Spontaneous firing of the VM cells was not observed during the intermolt.
With the injection of depolarizing current, the intermolt VM cell somata fired all or none, overshooting action potentials at a mean threshold of 13 mV positive with respect to the resting membrane potential (I',,,,; Figs. 2B, 3A). Near threshold, the Id intermolt VM cells accommodated very rapidly, generating only a single action potential during maintained depolarizations. Following spikes elicited at threshold, the membrane potential stabilized at a plateau 10 mV negative to the value at the action potential onset (Figs. 2B, 3C ). This "plateau voltage" was maintained for the remainder of the current pulse, regardless of duration (0.2-5.0 set), and involved a IO-15% decrease in input resistance (Fig. 2C ). After the cell was returned to I',,,,, subsequent equal magnitude depolarizations again triggered single spikes. Larger suprathreshold depolarizations sometimes elicited multiple action potentials, but the amplitudes of the later spikes were much smaller than that of the first (Fig. 20) . Measured at the minimum depolarization necessary to evoke repetitive firing, the "spike amplitude ratio" (second spike amplitude/first spike amplitude) was only 0.78 (Fig. 30) . The low level of excitability of the VM cells was maintained throughout the intermolt and most of the molt. In preparations selected 3.2 + 0.4 hr before ecdysis (*SE; n = 14), these cells still showed thresholds, spike durations, plateau voltages, and spike amplitude ratios similar to the intermolt values (Fig. 3) . However, in preparations examined 0.9 ? 0.1 hr (&SE) before ecdysis [during pre-ecdysis behavior, the first overt response to EH release (Copenhaver and Truman, 1982 ; Miles and Weeks, 199 1); n = lo], the VM cells showed a marked increase in excitability without a significant alteration in input resistance, I',,,,, or action potential amplitude (Table 1) . Threshold in these cells was dramatically reduced (Fig. 3A) , and 50% of them fired tonically at 0.6-2.0 Hz at rest (Fig. 20) . In addition, the mean action potential duration was increased, the mean plateau voltage was decreased, and the mean spike amplitude ratio was nearly 1.0 (Fig. 3B-D) . There was no detectable increase in synaptic drive, and the large EPSPs observed in some of the intermolt preparations were never observed in any of the recordings around the time of ecdysis ( Fig. 2A) . The changes in threshold, action potential duration, plateau voltage, and spike amplitude ratio persisted through the time of ecdysis, but by 4.4 + 0.3 hr after ecdysis (*SE; n = 4) spontaneous firing had ceased, and the cells had returned to the intermolt levels of excitability. Thus, the VM cells show a transient change in excitability that coincides with peptide release, and this change appears to be effected primarily by a dramatic reduction in spike threshold.
Ecdysteroid control of VM cell excitability During the molt from the fourth to the fifth larval instar, the ecdysteroid titer reaches peak levels at approximately 21 hr before ecdysis and declines thereafter. The injection of 20-HE early during this decline results in a dose-dependent delay of ecdysis behavior (Curtis et al., 1984) . Early 20-HE injection also delays ecdysis to the pupa, and this is accompanied by a delay in the release of EH (Truman and Morton, 1990 ). Therefore, we tested the hypothesis that steroid treatment would delay the increase in the excitability of the VM cells. Larvae injected with 3 pg of 20-HE at -11.5 hr (n = 21) subsequently ecdysed 2.5 ? 0.1 hr (*SE) later than vehicle-injected controls (n = 12). At their normal time of ecdysis (as indicated by the matched, injected controls) these animals still exhibited the high threshold, short action potential duration, large plateau voltage, and reduced spike amplitude ratio characteristic of intermolt animals (Fig. 4, solid squares) . Importantly, 2.5 hr later, when the treated animals finally ecdysed, their VM cells had acquired the excitability characteristic of controls at 0.9 hr before ecdysis ( 4). Thus, this early ecdysteroid treatment delays the increase in VM cell excitability. During each molt the nervous system becomes "committed" to undergo ecdysis a number of hours before the behavior actually begins. Ecdysteroid treatment after this commitment time is ineffective in delaying the behavior (Truman et al., 1983; Curtis et al., 1984) . For both the pupal and the adult molts, this commitment time appears to represent the time when ecdysteroid treatment can no longer delay the release of EH (Truman et al., 1983; Truman and Morton, 1990) . Therefore, we expected that ecdysteroid treatment after commitment would not delay the increase in excitability of the VM cells. During the molt from the fourth to the fifth larval instar, commitment occurs at 7 hr before ecdysis (Curtis et al., 1984) and as seen in Figure  4 (open squares), the injection of 20-HE at 4.6 hr before ecdysis did not delay the increase in VM cell excitability. Therefore, this increase is not blocked by the contemporaneous presence of steroid. Rather, the steroid-sensitive events that lead to these excitatory changes must occur 5-6 hr earlier.
The role of transcription in VM cell excitation To test whether the increase in VM cell excitability involved transcription-dependent events, we injected the RNA synthesis Differences between groups were not significant (one-way ANOVA, P > 0.05). Time (hr) inhibitor AcD into molting larvae. Injections of 5 pg of AcD per larva blocked ecdysis in a time-dependent manner (Fig. 5) .
The time of half-effectiveness (ET,,) was -4.5 hr. Since the ET,, for the 20-HE-induced delay of ecdysis is -7 hr (Curtis et al., 1984) , these larvae remained sensitive to AcD for 2.5 hr after the declining ecdysteroid titer initiated the programming for EH release.
The nature of the AcD-induced blockage was examined by extraction and bioassay of the EH activity contained in the neurohemal release site, the PN (Truman and Copenhaver, 1989; Truman and Morton, 1990; Hewes and Truman, 199 1) . In con- Time (hr) trol animals, the amount of EH activity in the PN dropped by > 90% during the 6 hr period preceding ecdysis to the fifth instar. This depletion was also evident in vehicle-injected controls that were examined at either 3.2 hr or 11.2 hr after ecdysis. However, the PN from larvae injected with 5 pg of AcD at -6.3 hr and examined 3.2 or 11.2 hr after the expected time of ecdysis still contained essentially the full complement of EH, indicating that the normal EH release was blocked (Fig. 6 ). Figure 6 . Effects of AcD on the depletion of EH activity from the PN. Larvae were injected with AcD or vehicle (EtOH) 6.3 hr before ecdysis. The amount of extracted EH activity was determined for control animals dissected either at -5.6 hr or at 0.3-1.0 hr and for AcD-or vehicletreated animals dissected 3.2 hr or 11.2 hr after the normal time of ecdysis (based on the vehicle-injected controls). Paired means were significantly different (Mann-Whitney; **, p 5 0.01; ***, p 5 0.001). However, the means for each of the AcD treatments were not significantly different from the control mean at -5.6 hr (p 2 0.05; one-way ANOVA). Error bars represent *SE (n shown with each mean). Despite the block of EH release, the AcD-treated animals were competent to ecdyse when challenged with exogenous EH. After injection of 5 pg of AcD at -6.3 hr, larvae were subsequently injected at -1.6 hr with 0.5 units of recombinant EH (Eldridge et al., 1991) . Most of the larvae (71%) then showed ecdysis behavior with an average latency of 1.3 t 0.1 hr (*SE; n = 7). Thus, AcD given during this time window did not block the ability of these animals to respond to EH, but rather blocks the release of the peptide itself.
The AcD treatment at -6.3 hr also prevented the changes in excitability of the VM cells (Fig. 7, solid circles) . At their expected time of ecdysis (based on matched EtOH-injected controls), the VM cells of these larvae showed the relative inexcitability characteristic of intermolt animals. The effect of this AcD treatment was weaker than that observed with 20-HE treatment. This result may reflect either the completion of some events required for the changes in excitability prior to -6.3 hr or an incomplete block of these changes by the AcD treatment. Importantly, the same dose of AcD presented 3.3 hr before ecdysis failed to prevent the subsequent increase in VM cell excitability (Fig. 7, open circles) . Therefore, AcD can interfere with the acquisition of these changes only if it is present through the period in which the cells are becoming steroid independent. Discussion During a 4.5 d period preceding ecdysis of M. sexta to the fifth larval instar, EH is stockpiled throughout the VM cell arbor (Truman et al., 198 1; Truman and Copenhaver, 1989) . On the last day of the molt, more than 95% of the peptide store is released during a brief period immediately preceding ecdysis ( Fig. 6 ; see also Truman and Copenhaver, 1989; Truman and Morton, 1990; Hewes and Truman, 1991) . Our results from intracellular recording show that this process involves an ecdysteroid-dependent reduction in spike threshold of the VM cells. The events leading to these changes in VM cell excitability also appear to require the synthesis of new RNA and protein, although the nature and location of this synthesis is unknown.
Changes in VM cell excitability The VM cell somata were electrically active and fired all or none, overshooting action potentials. This feature is characteristic of insect NSCs and is rarely observed in other CNS neurons (Miyazaki, 1980; Orchard and Loughton, 1985; Pichon and Ashcroft, 1985) . The VM cells also had low resting potentials (-33 to -39 mV) . These values did not appear to be due to penetration damage, because they were observed in recordings in which the input resistance, spike amplitude, spike duration, and V,,, all remained stable for more than an hour. Moreover, resting potentials in this range have been documented for several different NSCs in a diverse sampling of insects (Orchard and Loughton, 1985) .
The most dramatic change associated with the increase in VM excitability was a decrease in threshold. Four intrinsic membrane properties could be involved in this decrease: an increase in input resistance (which was not observed), an increase in an inward current, a decrease in an outward current, or the modulation of a current involved near threshold but not in spike generation per se. Concomitant with the decrease in threshold, the VM cells displayed an increase in action potential duration, a decrease in the plateau voltage, and an increase in the spike amplitude ratio. The increase in the duration of the action potential was not due to activity-dependent spike broadening (Aldrich et al., 1979) , because it was clearly evident even in cells that were inhibited from firing for several minutes. The large plateau voltage and reduced spike amplitude ratio characteristic of intermolt cells were correlated with a decreased input resistance, which could have been the result of incompletely inactivating outward currents. Such currents would tend to shunt
Hewes and Truman -Steroid Regulation of insect Neurosecretory Cel l Activity subsequent action potentials as they propagate into the soma from a remote spike initiation zone and would lower the spike amplitude ratio. Because these currents would also be likely to decrease with reduced depolarization, the changes in the plateau voltage and spike amplitude ratio at -0.9 hr may have been secondary to the associated decrease in threshold. We saw no evidence for the synaptic control of VM cell firing at the time of EH release. We cannot rule out, however, the possibility of an electrically distant spike initiation zone (or zones), and EPSPs sufficient to trigger spiking at these sites may not be detectable at the soma. In addition, factors involved in the setup of the isolated brain preparation may have either removed the source of some inputs or masked their effects. It is unclear why EPSPs observed during the intermolt were never observed during the molt.
Only 50% of the cells recorded at 0.9 hr before ecdysis (during pre-ecdysis behavior) fired tonically at rest. Because pre-ecdysis is triggered by EH release (Copenhaver and Truman, 1982; Miles and Weeks, 199 l) , the VM cells most likely fire for a period of time before an overt behavioral response is observed. Circulating levels of EH also begin to decline at around the time of ecdysis (Reynolds et al., 1979; Truman et al., 1980; Copenhaver and Truman, 1982; Hewes and Truman, 199 l) , and the halflife for EH degradation in the blood is approximately 45 min (Reynolds et al., 1979) . Thus, firing activity in the VM cells may begin to decline before ecdysis behavior actually begins, and the VM cells may be most active near the beginning of preecdysis. Given also the delay in recording and possible deterioration of the preparations following dissection, it is not surprising that the proportion of actively firing cells was less than 100%.
VM cell excitability is dependent on declining ecdysteroids At -7 hr, the ecdysteroid titer declines below a threshold level (Curtis et al., 1984) and the nervous system is committed to proceed with EH release (Truman et al., 1983; Truman and Morton, 1990) . Prior to this time, the injection of 20-HE causes a dose-dependent delay in the release of EH. The injection of 3 fig of 20-HE per larva at -11.5 hr delayed ecdysis by 2.5 hr, a delay consistent with the results of Curtis et al. (1984) . This early 20-HE injection also delayed the normal increase in the excitability of the VM cells (Fig. 4) . Importantly, ecdysteroids appear not to regulate VM cell excitability through rapid membrane mechanisms (for reviews, see Schumacher, 1990; McEwen, 199 1; Hutchison, 1991) because the late -4.6 hr injection of 20-HE had no effect on the subsequent appearance of these changes. On the basis of these results and the data of Curtis et al. (1984) , we conclude that at about 7 hr before ecdysis the declining ecdysteroid titer initiates events that result, about 6 hr later, in an increase in the excitability of the VM cells.
Whether ecdysteroids act directly on the VM cells to change their membrane properties or indirectly by altering the function of undefined neuromodulatory inputs is unknown. Using radiolabeled 20-HE agonists, Bidmon et al. (199 1) demonstrated specific, high-affinity binding in large neurons located in the region of the VM cells. This binding was observed over a 3 d period in the middle of the fifth larval instar, but not in animals selected 6 hr before ecdysis to the fifth instar (1 hr after the nervous system is committed to release EH). Their observations, however, do not rule out the presence at the time ofcommitment of physiologically relevant binding sites that were simply below the detection limits of their method.
Transcription dependence of VM cell excitation The long latency between the initiation of events by the steroid decline and the subsequent change in the properties of the VM cells is consistent with a genomically mediated action. We tested this possibility using the transcription inhibitor AcD. During the molt to the pupa, AcD treatment blocks ecdysis when given up to -6 hr, but is ineffective if given thereafter (Truman and Morton, 1990 ). M. sexta molting to the fifth larval instar behave similarly, although AcD treatment was effective in blocking ecdysis up to -4.5 hr (Fig. 5) . For both stages, the nervous system became insensitive to the 20-HE-induced blockage 2-3 hr before it did to blockage by AcD.
At the pupal and adult molts, the ecdysteroid decline affects both the release of EH and the ability of the nervous system to respond to the neuropeptide (Truman and Morton, 1990) . The AcD treatment could affect either or both of these processes. Importantly, larvae treated with AcD at -6.3 hr were still capable of responding to exogenous EH, even though they did not ecdyse on their own. These results indicate that the pharmacological block interfered with events involved in EH release and not with events associated with the response to EH. In support of this hypothesis, Figure 6 shows that the >90% depletion of EH activity from the neurohemal release site that occurs during normal ecdysis (cf. Hewes and Truman, 1991) was not seen in the animals that were treated with AcD.
Associated with this block of EH release, AcD also blocked the appearance of the suite of electrical changes that occur in the VM cells before ecdysis. Importantly, AcD blocked the induction of these changes. Once they were under way, administration of the drug had no effect (Fig. 7) . Given the indirect nature of this pharmacological method, it is possible that the -6.3 hr injection of AcD produced side effects that blocked the changes in excitability of the VM cells. However, the effects of this AcD treatment are also consistent with the inhibition of mRNA production necessary for the increase in VM cell excitability. Taken together with the data from the steroid treatments, these results suggest that some transcription-dependent events are initiated by the declining ecdysteroid titer at about -7 hr, are essentially complete by -4.5 hr, and result in the changes in membrane properties that are manifest by -1 hr.
Mechanisms of steroid action in other excitable cells The cellular mechanisms underlying genomically mediated effects of steroids on the electrical characteristics of cells have been described in a few systems. These mechanisms are diverse, and include the modulation of voltage- (Kerr et al., 1992; Rendt et al., 1992), ligand-(Erulkar and Wetzel, 1989) , and CaZ+ -dependent conductances (see Jo&ls and de Kloet, 1992) induction of mRNAs for ion channels (Boyle et al., 1987; Pragnell et al., 1990; Toro et al., 1990; Levitan et al., 199 l) , and alteration of the coupling of ligand-gated receptors to their target G-proteins (see Joels and de Kloet, 1992) . Although the ionic conductances leading to the excitation of the VM cells by declining ecdysteroids are as yet undefined, this appears to be the first intracellular demonstration of genomically mediated steroid effects on the excitability of NSCs. EH release from the VM cells triggers a unique, stereotyped motor program, and the coordination of this behavior with the molt-intermolt cycle is well studied. Because the VM cells are identifiable in the isolated nervous system, they are also readily accessible to cellular and molecular analyses. Thus, this system provides a useful model to examine how the
